INHALER WITH AIRFLOW REGULATION 
RELATED APPLICATIONS 
This application claims priority under 35 USC 119(e) to U.S. Provisional Application 
Nos. 60/266,757 entitled Inhaler with Airflow Regulation', 60/266,062 entitled Inhaler with 
Ejection Actuator Operational Test System/Method; 60/266,675 entitled Test Protocol for 
Inhaler with Multiple Ejection Actuators; and 60/267,091 entitled Inhaler with Electronic- 
Pulse Multi Actuator Delivery Control; all of which were filed February 6, 2001, and all of 
which are incorporated herein by reference in their entireties. 

FIELD OF THE INVENTION 
The present invention generally relates to the field of inhalers which deliver an 
appropriate substance to a user typically during inspiration and, more particularly, to an 
inhaler which adjusts the size of an airflow passage to achieve/maintain a certain flow rate. 

BACKGROUND 

Respiratory delivery systems, such as metered dose inhalers, dry powder inhalers, and 
nebulizers, generally make it possible to introduce substances to pulmonary tissue of the 
body usually via simple inhalation. Metered dose inhalers generally combine a medicament 
and a propellant in a pressurized aerosol container equipped with valve to release a metered 
dose of aerosol into an inhaled airstream upon actuation of the container. Dry powder 
inhalers usually utiUze bursts of inspired air to fluidize powdered doses of medicament and 
draw these powdered doses into the respiratory tract. Nebulizers generally form an aerosol 
by atomizing a medicament in a substantially continuous carrier gas stream which can then 



be inhaled. 

Regardless of the respiratory delivery system utilized, conventional introduction of 
medicament to the puhnonary tissue of the human body has much to be desired in the way of 
successfully deUvering a selected/predetermined amount of medicament to the pulmonary 
5 tissue of an individual regardless of the relative strength/weakness of that individual's 
respiratory system. For example, current metered dose inhalers generally require at least 
some synchronization between valve actuation and the user's inhalation (which has proven 
M difficult for some users). Since metered dose inhalers generally depend on a minimum 

3 threshold inhalation by the user, an inhalation which is below that minimum threshold can 

fli 

P 10 result in less than the required amount of medicament successfully reaching the puhnonary 
J tissues. Accordingly, various attempts have been made to develop metered dose inhalers 



£3 which "sense" the amount of airflow during inhalation and vary the amount of drug 

W dispensed based on the flow rate of the inhalation. In other words, in an exemplary situation 

M 

Q in which two individuals utilize metered dose inhalers equipped with such "sensors", a first 



15 individual (who can inhale with less strength than a second individual) will have a greater 
concentration of medicament dispensed with every actuation than the second individual will 
have. However, such attempts at regulating amounts of medicament to depend on the 
strength of the user's inhalation have resulted in varying degrees of success, all of which tend 
to provide a hefty price tag for the consumer. 

20 Dry powder mhalers at least generally tend to avoid the synchronization problem of 

metered dose inhalers. However, dry powder inhalers also fail to solve the problem of varied 
magnitudes of inhalation from user to user, and (regarding the same user) firom situation to 
situation. In other words, an individual may not be capable of effecting an inhalation that has 
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enough force to "fluidize" and inspire the entire amount of powdered medicament. 
Accordingly, the dose(s) of powdered medicament which actually reaches the puhnonary 
tissue tends to vary based on the force of inspiration. 

As for nebulizers, inhalation generally tends to reduce pressure at the nebulizer 
nozzle; accordingly, the desired dosage of medicament is generally influenced by the 
duration and strength of the user's inhalation. While most nebulizers function on a 
"continuous stream of vapor" basis, control systems have been utilized to direct the 
aerosolized gas flow from the nebulizer to a "holding chamber" from which the user may 
draw a charge. However, these "charges" are still generally dependent upon a user being 
able to inspire the entire amount of vaporized medicament from the holding chamber. 
Accordingly, a user having relatively weak inhalation capabilities may not receive the entire 
"charge" of medicament. Thus, varying degrees of success have also been observed with 
regard to nebulizers that attempt to control the amount of dispensed medicament with respect 
to a user's inhalation strength. 

In summary, the precision of dose delivery in conventional respiratory delivery 
systems is undesirably imprecise. In each of the above-discussed systems, the desired 
amount of medicament to be delivered to the intended pulmonary tissue is generally 
dependent (at least to some degree) on the user's strength of inhalation, and is generally 
variable from dose to dose and/or person to person. In other words, a correlation has been 
allowed to exist between a user's lack (or variation) of breathing capability and a lack (or 
variation) of that user consistently receiving the adequate, prescribed, and/or desired amount 
of medicament. Accordingly, it would be desirable to develop an improved respiratory 
delivery system that exhibits effective entrainment of a non-varying amount of dispensed 



medicament into the airstream and successful delivery of such a non-varying amount of 
dispensed medicament to the target puhnonary tissue. 

SUMMARY OF THE INVENTION 
The claims in the subject patent appUcation are generally directed to the first family 
of embodiments discussed in the Preface to the Detailed Description section of the present 
patent application. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a cutaway view of one embodiment of an inhaler. 
Figure 2 is a side view of the inhaler of Figure 1. 

Figure 3 A is an end view of a droplet ejection device used by the inhaler of Figure 1. 

Figure 3B is a cross-sectional view of the droplet ejection device of Figure 1, taken 
along line 3B-3B in Figure 1. 

Figure 3C is a cross-sectional view of one embodiment of a droplet ejection device 
which may be used by the inhaler of Figure 1, and which may then be in accordance with the 
cross-section noted by line 3C-3C in Figure 3A. 

Figure 4 is a side view of another embodiment of an inhaler. 

Figure 5 is a cutaway, side view of one embodiment of an airflow regulation 
assembly which may be utiUzed by an inhaler. 

Figure 6 is a schematic of another embodiment of an inhaler that utilizes an operative 
intercoimection between a controller assembly of the inhaler and an airflow regulation 
assembly. 
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Figure 7 is a schematic of one embodiment of an inhaler with a controller assembly 
having both an operational testing module, a dosing event execution module for controlling 
the provision of one or more signals to a plurality of ejection actuators that are available to 
the inhaler, and a dosing event setup module for estabUshing various parameters of a dosmg 
5 event. 

Figure 8 is one embodiment of a production protocol for the inhaler of Figure 7. 
Figure 9 is one embodiment of an inhaler actuator operational testing protocol that 
may be used by the operational testing module of the inhaler of Figure 7. 

Figure 10 is one embodiment of a dosing event setup protocol that may be used by the 
1^ 10 dosing event setup module of the inhaler of Figure 7. 

jp Figure 1 1 is another embodiment of a dosing event setup protocol that may be used 

P by the dosing event setup module of the inhaler of Figure 7. 



81 



DETAILED DESCRIPTION 

15 Preface 

As an introduction to the various families of embodiments of the present invention, 
both oral and nasal inhalations are generally encompassed by the present invention. One 
common substance that may be dispensed, discharged, or otherwise ejected by inhalers of the 
present invention is a Uquid medicament that can be ejected in the form of a plurality of 
20 individual and discrete droplets, typically into the airflow through the inhaler somewhere 
upstream of its discharge outlet(s). However, the present invention is not limited to any 
particular type of substance that is being ejected by the inhaler and further is not limited to 
any particular form in which this substance may be ejected from the inhaler. 
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A first family of embodiments of the present invention is generally directed to an 
inhaler that is used to discharge an appropriate substance therefi-om for inhalation by a user. 
A first aspect of this furst family of embodiments is embodied by an inhaler that includes at 
least one airflow inlet, at least one outlet (e.g,, mouthpiece, nasal mask), and at least one 
airflow passage extending therebetween. The inhaler also includes at least one ejection 
actuator and an airflow regulation assembly. Generally, the ejection actuator(s) discharges 
an appropriate substance into the airflow, while the airflow regulation assembly adjusts the 
size of a passage through which all of the airflow is directed to achieve/maintain a certain 
flow rate through the inhaler. 

Various refinements exist of the features noted in relation to the first aspect of the 
fu-st family of embodiments. Further features may also be incorporated in the first aspect of 
the first family of embodiments as well. These refmements and additional features may exist 
individually or in any combination. Any type of ejection actuator may be utilized by the 
inhaler of the first aspect. Multiple ejection actuators may be utilized as well. These 
multiple ejection actuators may be independently actuatable. These multiple ejection 
actuators also may be separated into a plurality of groups, with each individual group of 
ejection actuators being independently actuatable. 

In one embodiment, the airflow regulation assembly includes a flow regulation port 
of a certain length and with an inner diameter which changes over its length. For instance, 
the flow regulation port may at least generally converge in the direction of tiie airflow 
therethrough. All of the airflow is directed through this flow regulation port. A baffle, 
piston, or the like is movably disposed within the noted inlet port and in spaced relation to an 
inner wall of the inlet port over at least a portion of the length of the inlet port. Any **flow 



throttling" structure may be utilized. Movement of the baffle relative to the flow regulation 
port changes the size of the spacing betweai the baffle and the inner wall of the flow 
regulation port. 

The above-noted change in the size of the spacing between the baffle and the inner 
wall of the flow regulation port may be utilized to reaUze a certain flow rate for tiie airflow 
through the inhaler. It may be preferable to have a certain flow rate of air being drawn 
through the inhaler for enhancing the delivery of the inhaled substance. More specifically, 
delivery of the inhaled substance may be enhanced by providing some relationship between 
the flow rate of the air being drawn through the inhaler and the velocity at which the 
substance (e.g., medicament) is ejected or discharged into the airflow. Assuming that a user 
is able to generate at least a certain threshold level of inhalatory forces, the baffle may be 
positioned relative to the flow regulation port to realize a certain flow rate through the 
inhaler, regardless of the inhalatory forces that are being generated by the user. 

Movement of the above-noted the baffle may be realized by a purely mechanical 
system. For instance, a biasing member (e.g., coil spring) may act on the baffle so as to 
oppose the inhalation forces which are being exerted on the baffle. That is, the bafQe may be 
biased in the "upstream" direction. Inhalatory forces below a certain level will not compress 
the biasing member so as to maintain a maximum spacing between the baffle and the inner 
wall of the noted converging flow regulation port. However, once inhalatory forces exceed a 
certain level, the biasing member will begin to compress to reduce the spacing between the 
baffle and the inner wall of the inlet port. This reduction of the size of the airflow passage 
through which all airflow must pass will therefore only allow for a certain maximum flow 
rate of tiie airflow tiirough the inhaler. Further increases in the inhalatory forces will fijrther 



reduce the spacing between the baffle and the inner wall of the noted converging flow 
regulation port such that the flow rate through the inhaler is maintained at least substantially 
at the noted certain maximum flow rate. Stated another way, so long as the inhalatory forces 
are in excess of a certain threshold, any inhalatory force by a user will produce at least 
substantially the same flow rate through the inhaler as a result of the modification of the size 
of the airflow passage through which all airflow is directed (e.g., by changing the position of 
the baffle in the converging flow regulation port). There may be other ways to adjust the size 
of an airflow passage through which all airflow is directed via a purely mechanical system 
and which are within the scope of the first aspect of this first family of embodiments. 
However, the structure described herein may provide one or more benefits or advantages 
based upon its unique design. 

Movement of the noted baffle relative to the noted flow regulation port may also be 
accompUshed in response to some type of signal. For instance, the subject first aspect may 
further include an airflow monitoring assembly to allow for a determination of the flow rate 
through at least a portion of the inhaler. Flow rate information may be used to determine the 
size of the spacing between the baffle and the inner wall of the noted converging flow 
regulation port. One or more signals may be sent to an appropriate drive so as to move the 
above-noted baffle to a position so as to realize the "derived" or "calculated" size of the 
spacing between the baffle and the flow regulation port. Any appropriate type of drive could 
be used in this case. Moreover, these "signal-based" airflow regulation principles may be 
used with any type of flow regulating structure that is able to move in response to a signal to 
regulate the size of an airflow passage through which all airflow is directed so as to provide 
an at least substantially uniform flow rate, regardless of the inhalatory forces being generated 



by a user of the inhaler (again, so long as they are in excess of at least a certain threshold). 

A second family of embodiments of the present invention generally relates to an 
inhaler with operational testing capabilities in relation to an actuator(s) used by the inhaler to 
eject or discharge an appropriate substance therefrom. A first aspect of this second fanaily of 

5 embodiments is embodied by an inhaler in which a test signal is preferably sent at least to 
each actuator or actuator group that is currently being utilized by the inhaler (e.g., currently 
actuatable through the inhaler's controlling logic) to eject or discharge a substance firom the 
inhaler. An "actuator group" is a pluraUty of ejection actuators that is activated by a single, 
common signal, and the inhaler may include a plurality of these actuator groups with each of 

10 these actuator groups being independently actuatable. The test signal of this first aspect 
preferably does not result in any discharge of any substance fi-om the inhaler and is therefore 
preferably different in at least some respect to an actuation signal which does result in a 
discharge fi"om the inhaler (e.g., transmission of an actuation signal to a "working" ejection 
actuator does result in a discharge firom the inhaler). The response of each ejection actuator 

15 or actuator group to the test signal associated with the first aspect is somehow evaluated, for 
instance to assess its operability. 

Various refinements exist of the features noted in relation to the first aspect of the 
second family of embodiments. Further features may also be incorporated m the first aspect 
of the second family of embodiments as well. These refinements and additional features may 

20 exist individually or in any combination. Evaluation of the response of the ejection 
actuator(s) or actuator group(s) to the test signal associated with the first aspect may entail 
evaluating each ejection actuator's or actuator group's electrical performance. Consider the 
case where each ejection actuator is a resistor which should have a relatively constant 
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resistance (as should any given actuator group) in relation to the ejection signals used by the 
inhaler. This resistance may be calculated using the relationship of R = V/I, where an 
electrical signal of a known voltage (V) or current (I) may be transmitted to a particular 
ejection actuator or actuator group and the other of the voltage (V) or current (I) may be 
5 measured. Any change of more than a predetermined amount in the resistance (R) of the 
ejection actuator or actuator group which is determined in accordance with the test signal 
associated with the first aspect may be indicative of or equated with some type of failure in 
M relation to the particular ejection actuator or actuator group. In the case of an actuator 

0 group, any appropriate standard for defining a "failed condition" may be utilized, including 

P 10 where only a single ejection actuator in the group has failed. However, more typically the 
J first aspect will be implemented to allow a predetermined plurality of ejection actuators 

n 

Q within a given actuator group to be in a failed condition before the actuator group is 

IjJ considered to be in a failed condition in accordance with the first aspect. It should be 

^ appreciated that other types of actuators may be evaluated through their electrical 

15 performance as well, such as actuators which are piezoelectric-based. 

One option for implementing the first aspect in relation to an ejection actuator or 
actuator group which "fails" in terms of the evaluation of its response to the noted test signal 
would be to disable the ejection actuator or actuator group is some fashion in relation to 
subsequent dosing events, or to at least provide input to the inhaler's controlling logic as to 
20 the existence of those ejection actuators or actuator groups which have "failed" the self-test 
associated with the first aspect. This is particularly relevant in the case where each ejection 
actuator or actuator group is independently actuatable and where at least substantially a 
predetermined amount of material is discharged by each ejection actuator or actuator group 
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in response to a predetennined actuation signal. Disabling an ejection actuator or actuator 
group means that any such actuator or actuator group would not be available for use in a 
subsequent delivery operation or "dosing event" by the inhaler. Consider the case where the 
inhaler is somehow "computer-controlled," such as by including a programmable memory for 
controlling the operation of the inhaler at least in relation to the manner in which the 
actuation signal(s) is provided to the ejection actuator(s) of the inhaler. A "dosing event" 
may entail sending the same actuation signal to each of the ejection actuators or actuator 
groups a plurality of times over a certain time period (e.g., 8 pulses over 2 seconds), but 
encompasses any predetermined protocol for delivering one or more actuation signals to one 
or more ejection actuators or actuator groups. Any disabling of any of the ejection actuators 
or actuator groups as a result of a failure of the self-test in accordance with the first aspect 
may be recognized/accounted for by the controlling logic of the inhaler of the first aspect, 
and further may be used by tiiis controlling logic to modify or adjust the execution of a 
particular dosing event. One option would be for each individual actuation signal that would 
have been sent to a "disabled" ejection actuator or actuator group for a particular dosing 
event, to instead be sent to an ejection actuator(s) or actuator group(s) which "passed" the 
self-test of the first aspect. This may be done in a variety of ways, such as by adding one or 
more actuation signals onto the "end" of the initial dosing event (i.e., before having been 
changed). As such, even though one or more ejection actuators or actuator groups m an 
inhaler may be inoperable (or rendered totally inoperable by the noted disabling function), 
the mhaler will still be able to accurately deliver at least substantially the same predeteraiined 
amount of discharge for a given dosing event as a result of the first aspect of the second 
family of embodiments. 



Another option which may be implemented in addressing a particular ejection 
actuator or actuator group that has "failed" in accordance with the first aspect is to "re- 
activate" any ejection actuators or actuator groups of the inhaler which have been 
temporarily disabled in relation to the conti-oUing logic used by the inhaler. That is, the 
inhaler associated with the first aspect may in fact include an excess number of ejection 
actuators or actuator groups in relation to the number of ejection actuators or actuator groups 
that are actually desired/needed for the inhaler at any one time. The controlling logic of the 
inhaler of the first aspect thereby may be "programmed" to only use some of the ejection 
actuators or actuator groups, and those which are currently not needed may be temporarily 
disabled (e.g., by the controlling logic being programmed so as to not send an actuation 
signal to the same during any dosing event). Ejection actuators or actuator groups that have 
"failed" in accordance with the fnst aspect and identified as such may be replaced on a one- 
for-one basis by a corresponding "excess" ejection actuator or actuator group of the inhaler. 
That is, the confroUing logic of the inhaler may be re-programmed to not utilize a certain 
ejection actuator or actiiator group that has "failed" in accordance with the first aspect in 
favor of one of the excess ejection actiiators or actuator groups. Any such "excess" ejection 
actuators or actuator groups are preferably furst tested in relation to their operational abilities 
before participating in an actual dosing event, including m accordance with the furst aspect. 

The first aspect may be implemented as part of a testing procedure before distribution 
of the inhaler for use in respiratory delivery operations. However, preferably the first aspect 
is implemented so as to at least allow the self-test of the first aspect to be executed after the 
inhaler has been released for distiibution to inhaler users. This may be left up to tiie 
discretion of the user by providing for manual initiation of the self-test of the first aspect, or 
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the self-test could be programmed into the controlling logic of the inhaler such that the self- 
test of the first aspect would be automatically run on some basis. Li the latter regard, it may 
be desirable to execute the self-test of the furst aspect before each dosing event to be executed 
by the inhaler or at least on some type of a periodic basis. 

A second aspect of the second family of embodiments extends the above-noted first 
aspect to monitoring the performance of each ejection actuator or actuator group using tiie 
actual actuation signals, namely those signals which do result in a discharge from the inhaler 
and at least generally in the same manner discussed above in relation to the first aspect and 
its "test signal." That is, the performance of each ejection actuator or actuator group in the 
second aspect is monitored/evaluated based upon the actuation signal sent thereto in an actual 
dosing event, typically in relation to its operational performance. 

Various refinements exist of the features noted in relation to the second aspect of the 
second family of embodiments. Further features may also be incorporated in the second 
aspect of the second family of embodiments as well. These refmements and additional 
features may exist individually or in any combination. Initially, and as noted above, the basic 
principles discussed in relation to the first aspect are equally applicable to the second aspect. 
There are, however, a number of areas which warrant specific discussion in relation to the 
second aspect. Any ejection actuator or actuator group which is identified as having failed in 
relation to the second aspect may be addressed in a number of manners. One way would be 
to re-send each actuation signal, which was initially sent to a "failed" ejection actuator or 
actuator group, to another ejection actuator or actuator group which did not "fail" in 
accordance with the second aspect. This may be difficult to implement on a "real time" base 
or during a given dosing event. The more likely implementation would be to provide some 
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notification to the user of the inhaler of a "failed" dosing event, and to remedy the failure for 
the next dosing event in any of the above-described manners (e.g,, by using the existing 
ejection actuators or actuator groups that "passed" the evaluation to receive a number of 
additional actuation signals equal to the number of actuation signals that were sent to "failed" 
5 ejection actuators or actuator groups in the preceding dosing event; by "adding" an "excess" 
ejection actuator(s) or actuator group(s) into the "active" ejection actuators or actuator groups 
that are available to the inhaler for a given dosing event so as to replace the failed ejection 
actuator(s) or actuator group(s)). 

Yet another possibility in relation to the foregoing would be to notify the user that a 
10 "make-up" dosing event should be executed, as well as possibly the time at which the "make- 
up" dosing event should be executed. This is possible with the inhaler of the second aspect 
based upon a number of factors. Having independently actuatable ejection actuators or 
W actuator groups allows for very precise control of the amount of substance that is discharged 

Q by the inhaler in a given dosing event. Since there is precise control over the signals and 

w 

15 including in relation to the number of signals which are issued, and further since a single 
actuator or actuator group will dispense a certain amount in response to a certain signal, the 
amoimt of substance which is discharged by an inhaler of the second aspect in a given dosing 
event can be precisely determined. The inhaler of the second aspect will have already 
determined the particular ejection actuator(s) or actuator group(s) that failed in relation to a 

20 given dosing event. In addition, the inhaler of the second aspect may be configured to keep 
track of how may actuation signals were sent to these ejection actuators or actuator groups in 
their "failed" condition. Therefore, the inhaler of the second aspect may be configured to 
define a "make-up" dosing event as a transmission of new actuation signals to one or more 
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ejection actuators or actuator groups which were operational in the immediately preceding 
dosing event or otherwise operational (e.g., an "excess" actuator"), where these new 
actuation signals are equal in number to the number of actuation signals that were sent to 
"failed" ejection actuators or actuators groups in the immediately preceding dosmg event in 
accordance with the second aspect. 

A third family of embodiments of the present invention is generally directed to an 
inhaler that is used to discharge an appropriate substance therefrom for inhalation by a user. 
A first aspect of the thu-d family of embodiments is embodied by an inhaler that includes a 
plurality of ejection actuators or groups of ejection actuators. Any such actuator group of 
multiple actuator groups includes at least one and typically a plurality of ejection actuators 
that are simultaneously activated by a single, common signal. Preferably each ejection 
actuator or actuator group is independently actuatable or addressable by what may be 
characterized as the controlling logic of the inhaler. That is, an actuation signal (or any 
signal for that matter, such as a self-test signal) may be transmitted to any designated ejection 
actuator or actuator group. These ejection actuators or actuator groups may be mounted or 
exist on a common ejection head or the like. Alternatively, the inhaler may include a number 
of separate ejection heads, each of which includes at least one and more typically a plurality 
of ejection actuators or actuator groups. In any case, the number of ejection actuators which 
are currently "active" is less than the total number of ejection actuators which exist for the 
inhalCT. That is, the inhaler does not at any one time utilize all of the ejection actuators for 
accomphshing a given dosing event. Stated another way, at least some of the ejection 
actuators that exist for the inhaler are either temporarily or permanently disabled so as to not 
be able to at least currently discharge a substance from the inhaler. 
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Various refinements exist of the features noted in relation to the first aspect of the 
third family of embodiments. Further features may also be incorporated in the first aspect of 
the third family of embodiments as well. These refinements and additional features may 
exist individually or in any combination. One way of characterizing the first aspect is as a 
method for making the above-described inhaler in which more than the desired/required 
number of ejection actuators is installed for the inhaler. In this case, there could be a testing 
of at least some, and more preferably all, of the ejection actuators or actuator groups either 
before or after installation of the same for the inhaler, but nonetheless before release of the 
inhaler for distribution to users. Assume that the inhaler is designed to have "x" operational 
ejection actuators or actuator groups. More than "x" ejection actuators or actuator groups are 
manufactured and installed for the inhaler. Testing of the ejection actuators or actuator 
groups of the inhaler may be terminated when at least "x" ejection actuators or actuator 
groups have been determined to be suitably operational. However, preferably all of the 
ejection actuators or actuator groups are tested for operational capabilities for determining or 
identifying whether there are any excess operational ejection actuators or actuator groups for 
other purposes (e.g., for "reactivation" if any of the originally operational ejection actuators 
or actuator groups subsequently fails and as determined in accordance with a self-test 
protocol described herein). 

The testing of the various ejection actuators or actuator groups may be characterized 
as determiaing the operational capabilities of ejection actuators or actuator groups on an 
individual basis. Testing of the operational capabilities of the individual ejection actuators or 
actuator groups may be accomplished in any appropriate manner for purposes of the first 
aspect of the third family of embodiments. For instance, optical testing techniques may be 
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employed to determine if a given ejection actuator or actuator group is producing an 
appropriate discharge when a representative actuation signal is transmitted to the particular 
ejection actuator or actuator group (e.g., by optically examining a nozzle through which a 
particular ejection actuator discharges a substance from the inhaler or nozzles through which 
5 a particular group of ejection actuators discharge a substance from the inhaler). Another 
option would be to evaluate the electrical performance of a particular ejection actuator or 
actuator group. Electrical performance evaluations need not necessarily utiUze an actual 
actuation or ejection signal, but instead may utilize a test signal which is different from an 
actuation signal that would be utilized by the inhaler for a given dosing event. For instance, 

3 

10 a test signal need not result in any discharge by a particular ejection actuator or actuator 
group which receives this test signal. Consider the case where each of the various ejection 
actuators is a resistor which should have a relatively constant resistance in relation to the 
ejection signals commonly used by the inhaler. This resistance may be calciilated using the 
relationship R=V/I, where an electrical signal of a known voltage (V) or current (I) may be 

15 transmitted to a particular ejection actuator and the other of the voltage (V) or current (I) may 
be measured. Any change in resistance (R) of the ejection actuator or actuator group which 
is determined in accordance with the test signal associated with this variation of the first 
aspect may be indicative of some type of failure in relation to the particular ejection actuator 
or actuator group. Other types of actuators may be evaluated through their electrical 

20 performance as well, such as actuators which are piezoelectric-based. 

One option for implementing the above-noted variation of the first aspect would be to 
have an ejection actuator or actuator groiq) which "fails" in terms of the evaluation of its 
response to the noted operational testing either be permanently or temporarily disabled in 
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relation to the controlling logic of the inhaler. This is particularly relevant m the case where 
each ejection actuator or actuator group is independently actuatable and where a 
predetermined amount of material is discharged by each ejection actuator or actuator group 
in response to a predetermined actuation signal. Disabling an ejection actuator or actuator 
group means that any such actuator or actuator group would npt be available for use in a 
subsequent dehvery operation or "dosing event" by the inhaler, at least in the current state of 
the inhaler control logic. A "dosing event" may entail sending the same actuation signal to a 
certain number of the ejection actuators or one or more actuator groups a plurality of times 
over a certain time period (e.g., 8 pulses over 2 seconds), but encomp^ses any 
predetermined protocol for delivering one or more actuation signals to one or more ejection 
actuators or one or more actuator groups. Any disabling of any of the ejection actuators or 
actuator groups as a result of identifying at least certain inadequacies in relation to its 
operational capabiUties in accordance with the first aspect means that these ejection actiiators 
or actuator groups would not participate in any dosing event based upon the current status of 
the controlUng logic of the inhaler. 

Disablement of one or more ejection actiiators or one or more actuator groups for a 
given inhaler may be accompUshed in a permanent or temporary manner. Any such 
disabling of ejection actiiators or actuator groups again would take place in accordance with 
the fnst aspect only after there was a determination that a predetermined number of ejection 
actuators or actuator groups were operational for purposes of the inhaler. Permanentiy 
disabling one or more ejection actiiators or actiiator groups possibly may be accompUshed by 
sending a certain signal to the desired ejection actiiator(s) or actuator group(s) (e.g., by 
passing a high current through a resistance-based actiiator). This manner of disabling any 
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excess ejection actuators or actuator groups would not require the controlling logic of the 
inhaler to "know" of the disabled condition of any of its ejection actuators or actuator groups. 
That is, the controlling logic of the inhaler could still send a signal to each ejection actuator 
or actuator group that is installed for the inhaler, although the disabled ejection actuators or 
actuator groups would not respond to any such actuation signal in a manner which would 
yield a discharge. Another option would be to "program" the controlling logic of the inhaler 
so as to not send any actuation signal to any "disabled" ejection actuator or actuator group for 
any dosing event. One advantage of this latter configuration would be to conserve power for 
the inhaler, particularly if the inhaler was configured as a portable and included an "on- 
board" power supply. 

A fourth family of embodiments of the present invention generally relates to 
controlling the manner in which an inhaler executes a dosing event where an appropriate 
substance is ejected or otherwise dispensed from the inhaler. A first aspect of the fourth 
family of embodiments is generally embodied in an inhaler in which the operational 
capabilities of at least one and more preferably each ejection actuator or actuator group of the 
inhaler is at least at sometime determined (e.g., before, during, or after a dosing event). An 
"actuator group" is a plurality of ejection actuators that may be simultaneously activated by a 
single or common signal or in some other predetermined manner. The inhaler may include a 
plurality of these actuator groups, with each of these actuator groups preferably being 
independently actuatable. One or more parameters that control the execution of a given 
dosing event for the inhaler (hereafter its associated "dosing event control logic") is at least 
somehow estabUshed or defined by an inhaler in accordance with principles of the first aspect 
based upon this information on the operational capabilities of at least some of the ejection 
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actuators or actuator groups of the inhaler. 

Various refinements exist of the features noted in relation to this first aspect of the 
fourth family of embodiments. Further features may also be incorporated in the furst aspect 
of the fourth family of embodiments as well. These refinements and additional features may 
exist individually or in any combination. A "dosing event" may entail sending the same 
actuation signal to one or more individual ejection actuators, one or more actuator groups, or 
some combination thereof a plurality of times over a certain time period, but encompasses 
any predetermined protocol for delivering one or more actuation signals to one or more 
ejection actuators, one or more actuator groups, or some combination thereof. Typically a 
pattern of actuation signals will be repeated a plurality of times, and each execution of the 
pattern may be characterized as a dosing event cycle, dosing event control logic cycle, 
ejection actuator/actuator group firing cycle, or the hke. hi some cases, Ihere may be a delay 
between tiie time of the last actuation signal in one cycle of a given dosing event and the time 
of the first actuation signal in the next-m-time cycle of the same dosing event, and this delay 
may be characterized as "dead time." Dead time may not necessarily exist in all dosing 
events tiiat are executable by an inhaler in accordance wilh the fourth family of 
embodiments. 

Each execution of a dosing event by an inhaler in accordance with the fourth family 
of embodiments ejects or discharges a relatively constant quantity of a given substance (e.g., 
within an acceptable and relatively small range, or such that there is httle to no variation in 
the total dose dehvered in each execution of the same dosing event). A fimdamental premise 
of the dose delivery control that may be mcorporated into an inhaler in accordance with the 
fourth family of embodiments is that a determinable and fixed amount of a given substance 
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will be ejected by a given ejection actuator or actuator group of the inhaler for a given 
actuation signal. This of course assumes that each ejection actuator or actuator group used in 
a given dosing event is operational. The determination of the operational capabilities of 
ejection actuators, actuator groups, or both in accordance with the fourth family of 
embodiments thereby allows an inhaler in accordance with this fourth family of embodiments 
to control the execution of a given dosing event in a manner so as to at least improve upon 
the consistency of the total amount of substance dispensed by an inhaler in each execution of 
a given dosing event control logic. That is, the inhaler of the fourth family of embodiments 
may allow for modification of a given dosing event control logic over time so as to at least 
reduce the variation in the total dose delivered by the mhaler in each execution of this dosing 
event control logic. 

Hereafter the fourth family of embodiments will be discussed in relation to a dosing 
event control logic that uses only individual ejection actuators. However, the following 
discussion is equally applicable to any dosing event control logic that uses only actuator 
groups or some combination of mdividual ejection actuators and actuator groups. 

The fourth family of embodunents may be utilized to modify a dosing event control 
logic for the next-in-time execution of a dosing event based upon this dosing event control 
logic. Consider the case where the dosing event control logic at issue and in a first 
configuration uses a certain number of ejection actuators and where a determination has been 
made that one or more of these ejection actuators is not operational. The inhaler of the fourth 
family of embodiments may first determine the number of actuation signals that all non- 
operational ejection actuators are scheduled to receive in the dosing event control logic in its 
first configuration, and thereafter may modify the dosing event control logic fi-om its first 
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configuration to a second configuration to instead send these actuation signals to one or more 
operational ejection actuators that were designated for use by the dosing event control logic 
in its first configuration. Another option would be to simply identify those ejection actuators 
that are designated for use by the dosing event control logic in its first configuration and that 
are not operational, and to modify the dosing event control logic &om the first configuration 
to a second configuration to replace each of these ejection actuators with an ejection actuator 
that has been determined to be operational and that was not designated for use by the dosing 
event control logic in its furst configuration. 

Based upon the foregoing, the inhaler associated with the fourth family of 
embodiments may in fact include an excess number of ejection actuators in relation to the 
number of ejection actuators that are utilized by a given dosing event contiwl logic that is 
available to the inhaler. The dosing event contirol logic of an inhaler in accordance with the 
fourth family of embodiments thereby may be "configured" to only use some of the ejection 
actuators, and those which are currently not utilized by the dosing event control logic in its 
current form may be temporarily disabled (e.g., by the dosing event control logic being 
configured so as to not send an actuation signal to the same during the execution of a dosing 
event based upon Ms dosing event contix)! logic). Ejection actiiators that have been 
determined to be non-operational in accordance with the fourth family of embodiments and 
identified as such may be replaced on a one-for-one basis by a corresponding "excess" 
ejection actuator of the inhaler. That is, the dosing event contirol logic of an inhaler in 
accordance with the fourth family of embodiments may be reconfigured so as to not utilize a 
certain ejection actixator tiiat has been determined to be non-operational in favor of one of the 
"excess" ejection actuators and in accordance with the fourth family of embodiments. Any 
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such "excess" ejection actuator is preferably first tested in relation to its operational 
capabilities before being incorporated into the subject dosing event control logic. 

Another option for modifying the dosing event control logic for purposes of any 
subsequent execution of a dosing event in accordance therewith may include retrieving the 
dosing event control logic in its current form or in a first configuration, and thereafter 
determining if there are any ejection actuators that are both operational and not currently 
being utilized by the dosing event control logic in this first configuration. These steps may 
be executed in any order. There are a number of options for modifying dosing event control 
logic to a second configuration if there are one or more operational ejection actuators than 
are not currently being utilized by the dosing event control logic m the first configuration. 
One option for modifying the dosing event control logic firom its first configuration to a 
second configuration if there are excess operational ejection actuators in accordance with the 
fourtti family of embodiments would be to incorporate the excess operational ejection 
actuators into any dead time between adjacent-in-time cycles of the dosing event control 
logic m its first configuration. This would keep the firing fi-equency on a per actuator basis 
the same for a dosing event executed in accordance witii the dosing event conti-ol logic in its 
second configuration, but would reduce the overall time required to completely execute such 
a dosing event since more ejection signals, and thereby more substance, would be dehvered 
in each cycle thereof Stated another way and for tiie noted case, additiond ejection 
actiiators may be incorporated into each cycle of a dosing event by modifying its associated 
dosing event conti-ol logic without extending the total time required to execute each cycle of 
the dosing event. It should be appreciated that fewer cycles may be reqmred to complete the 
execution of a dosing event in accordance witii tiie dosing event conti-ol logic in this second 
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configuration, and including only executing part of a cycle to provide the desired total dose 
for the associated dosing event. 

It may not be possible to incorporate all excess operational ejection actuators into 
each cycle of a dosing event by modifying the dosing event control logic from a first 
5 configuration to a second configuration without extending the total time required to execute 
each cycle of the dosing event (i.e., the firing frequency on a per ejection actuator or actuator 
group basis may in fact decrease when changing the dosing event control logic from its first 
configuration to a second configuration). However, the fourth family of embodiments 
encompasses modifying the dosing event control logic from the first configuration to a 
10 second configuration so as to extend each cycle of the dosing event by utilizing at least one 
additional operational ejection actuators in each cycle. As noted above, fewer cycles may be 
required to complete the execution of a dosing event in accordance with the dosing event 
control logic in its second configuration. 

The fourth family of embodiments also may be characterized as establishing or 
15 defining the dosing event control logic based upon identifying those ejection actuators that 
are operational. Information that would be needed to defme tiie dosing event control logic in 
accordance with the fourth family of embodiments in this case would include the total dose 
that is desired to be delivered in a dosing event executed in accordance with the dosing event 
conti-ol logic that is currently being defined, as well as the dose that is at least assumed to be 
20 delivered by each operational ejection actuator on a per actuation signal basis. For instance, 
a representative number of ejection actuators may be evaluated to determine the amount of 
substance discharged therefix)m based upon a certain predetermined actuation signal. The 
average discharge from each such ejection actuator may then be utilized by the fourth family 
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of embodiments. In any case, dividing the desired total dose for the subject dosing event by 
the dose delivered per actuation signal per ejection actuator provides the total number of 
actuation signals that will be required to be utiUzed by its corresponding dosing event control 
logic. Dividmg the total number of actuation signals by the total number of operational 
5 ejection actuators then determines the number of cycles to be utilized by the dosing event 
control logic. The firing pattern within each cycle may then be established in any appropriate 
manner. 

The fourth family of embodiments may determine that one or more of the ejection 
actuators that were designated for use in a given dosing event through its dosing event 

10 control logic did not in fact participate in the subject dosing event to the extent required by 
the subject dosing event control logic (e.g., the operational capabilities of a particular 
ejection actuator designated for use in a given dosing event may be evaluated during the 
execution of the dosing event). There are a number of options for deahng with this situation. 
One way would be to in effect determine the total number of actuation signals that were sent 

15 to non-operational ejection actuators during tiie execution of the subject dosing event in 
accordance with its dosing event control logic, and to then send this same number of 
actuation signals to one or more operational ejection actuators. This may be difficult to 
implement on a ''real time" base or during the execution of the subject dosing event in 
accordance with its dosing event control logic, although such is encompassed by the fourth 

20 family of embodiments. The more Ukely implementation would be to provide some 
notification to the user of the inhaler of a "failed" dosing event, and to remedy the failure for 
the next dosing event in any of the above-described mamiers (e.g., by usmg the existing 
ejection actuators that were determined to be operational to receive a number of additional 
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actuation signals equal to the number of actuation signals that were sent to non-operational 
ejection actuators or actuator groups in the preceding execution of the subject dosing event; 
by "adding" an "excess" ejection actuator(s) into the "active" ejection actuators that are 
available to the inhaler for a given dosing event so as to replace the failed ejection 
5 actuator(s)). 

Yet another possibiUty in relation to the foregoing would be to notify the user that a 
"make-up" dosing event should be executed, as well as possibly the time at which the "make- 
up" dosing event should be executed. This is possible with the inhaler of the fourth family of 
embodiments based upon a number of factors. Having independently actuatable ejection 

10 actuators allows for very precise contiol of the amount of substance that is discharged by the 
inhaler in a given dosing event. Since there is precise control over the actiiation signals and 
including in relation to the number of signals that are issued, and further since a single 
ejection actiiator will dispense a certain amount in response to a certain actuation signal, the 
amount of substance that is discharged by the inhaler of the fourth family of embodiments in 

15 a given dosing event can be relatively precisely determined. The inhaler of the fourth family 
of embodiments will have aheady determined tiie particular ejection actiiator(s) that failed in 
relation to the execution of a given dosing event. In addition, tiie inhaler of the fourth family 
of embodiments may be configured to keep track of how may actuation signals were sent to 
these ejection actiiators in their "failed" or non-operational condition. Therefore, the inhaler 

20 of the fourth family of embodiments may be configured to define a "make-up" dosing event 
as a transmission of new actuation signals to one or more ejection actiiators which were 
operational in the immediately preceding execution of the subject dosing event or otherwise 
operational (e.g., an "excess" actiiator"), where these new actuation signals are equal in 
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number to the number of actuation signals that were sent to "failed" or non-operational 
ejection actuators in the immediately preceding dosing event in accordance with tiie fourth 
family of embodiments. 

Description of Illustrated Embodiments 

The present invention will now be described in relation to Ihe accompanying 
drawings which at least assist in illustrating its various pertinent features. One embodiment 
of a respiratory delivery system 10 is presented in Figures 1-3C, which in the illustrated 
embodiment is in the form of a portable inhaler 14. The inhaler 14 is portable and orally 
delivers any type of flowable substance to an individual. Most typically this will be some 
type of medicament which is stored in liquid form within the inhaler 14. Hereafter, the 
respiratory delivery system 10 will be described in relation to this medicinal apphcation. 
However, gaseous substances could also be deUvered by the inhaler 14, as well as non- 
medicinal substances both in liquid or gaseous form, as well as in powder form within a 
suspension. Moreover, the inhaler 14 could be used for topical or nasal delivery of these 
types of substances as well. 

Two fundamental assembUes defme the inhaler 14. One is a handpiece 16 and the 
other is a cartridge assembly 28. Generally, the handpiece 16 includes certain electronics for 
controlling the operation of the inhaler 14 and recording information on the use thereof. On 
the other hand, the cartridge assembly 28 includes a supply of medicament and a "head" of 
sorts through which medicament is discharged from the inhaler 14 in the form of droplets. 

One component of the handpiece 16 for the inhaler 14 is an at least generally 
cylindrical housing 18. Altiiough the illustrated embodiment is of cylindrical shape 
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throughout the entire extent of the inhaler housing 18, a different shape could be 
implemented. Discharges fix)m the inhaler 14 are through an end 22 of the housing 18 which 
defines a discharge outlet. Typically the discharge end 22 of the housing 18 is inserted 
within the mouth of an individual that is using the inhaler 14. A mouthpiece or the like could 
be formed on the discharge end 22 of the inhaler 14 if desired as well (not shown). The 
opposite end of the inhaler housing 18 is identified by Ihe reference numeral 26. 

Certain electrical components are preferably utilized by the inhaler 14. Airflow past 
these electrical components could possibly have an adverse effect on tiieir operation. 
Therefore, in one embodiment the end 26 of the inhaler housing 18 is closed. Air is instead 
drawn within the inhaler housing 18, for the introduction of a plurality of droplets therein for 
inhalation by an individual using the inhale 14 in a manner which will be discussed in more 
detail below, through a plurality of air intakes slots 82 which extend through the inhaler 
housing 18 as shown in Figure 2 and which each define an inhaler inlet. Generally the noted 
electrical components are located within the inhaler housing 18 somewhere between the air 
intake slots 82 and the closed end 26 of the inhaler housing 18 so that airflow is not directed 
thereby during inhalation by an individual using the inhaler 14. Notwithstanding these 
potential benefits of the slots 82, one or more air intake orifices could be disposed on the end 
26 of the inhaler housing 18 or at other appropriate locations on the inhaler housmg 18. In 
addition, the shape(s) of these slots 82, while illustrated as being rectangular, can be any 
shape which allows air to flow into the inhaler housing 18. 

The cartridge assembly 28 is detachably interconnected with the inhaler housing 18 of 
the handpiece 16 such that one cartridge assembly 28 may be removed firom the inhaler 
housing 18 by an individual and replaced with a structurally similar cartridge assembly 28. 
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A "sn^-lock" interconnection between the cartridge assembly 28 and inhaler housing 18 
may be utilized (not shown). An appropriate button or other mechanism may be utilized to 
remove the cartridge assembly 28 from within the inhaler housing 18 or to disengage the 
"snap-lock" interconnection. Both insertion and removal of the cartridge assembly 28 may 
be through the discharge end 22 of the inhaler housing 18, although the inhaler housing 18 
could be formed in multiple and detachably interconnected parts as well (e.g., through a 
threaded interconnection) to provide for installation and removal of the cartridge assembly 28 
as well (not shown). In any case, one reason for providing a readily removable cartridge 
assembly 28 is to allow an individual to use the same inhaler 14 to discharge multiple 
medications. More than one mdividual could also use the same inhaler 14 to discharge one 
or more medications contained in one or more cartridge assemblies 28 possessed by a given 
individual. 

The cartridge assembly 28 includes a medicament container 46 which contains a 
supply of a certain medicament. Multiple medicament containers 46 could also be utilized 
by the cartridge assembly 28 to provide for the discharge of medicaments simultaneously or 
any one medicament dependent on need (not shown). Various types of information regarding 
this medicament and/or this particular medicament container 46 are stored electronically on a 
chip 48 which is attached to or integrally formed with the medicament container 46. 
Information which may be included on the chip 48 includes: 1) the identity of the particular 
medicament within the medicament container 46; 2) the type of this particular medicament; 
3) the concentration of this particular medicament; 4) the total volume of this particular 
medicament initially included within the medicament container 46 before any discharges to 
an individual; 5) the identity of the individual designated for use of the medicament stored in 
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the medicament container 46; 6) relevant limitations regarding the use of the medicament 
stored in the medicament container 46 (e.g., not to be used within a the certain time period of 
an administration of a different medicament which may be contained in another cartridge 
assembly 28 and discharged from the same inhaler 14, or so as to reduce the potential for 
having adverse medicament interactions from multiple dosings using the inhaler 14); 7) a 
protocol for controlling the discharge of the medicament from the medicament container 46 
(e.g., an actuation signal, required time intervals between "dosing events", with each "dosing 
event" being a single or predetermined number of discharges from the inhaler 14); 8) an 
access code which must be entered in order for the inhaler 14 to be operational with the 
particular cartridge assembly 28; and 9)"protocol" regarding how dispensation of 
medicament and/or the amount thereof should be modified, if at all, based upon patient 
requirements or otherwise. Data on the use of the cartridge assembly 28 may also be 
recorded on the chip 48 in an appropriate database structure or the like (e.g., the chip 48 may 
also include one or more electronic memories). For instance, the time and date of each 
"dosing event" or each single discharge from the inhaler 14 may be recorded on the chip 48 
for ftiture use/evaluation. Moreover, information regarding the operability of any actuators 
42 of a droplet ejection device 30 used by the inhaler 14 may also be stored on the chip 48. 
Information regarding the number and location of any actuators 42 of a droplet ejection 
device 30 used by the inhaler 14 which have been determined to have "failed" in accordance 
with either of the protocols discussed in relation to Figures 8 and 9 below may also be stored 
on the chip 48. 

Medicament from the medicament container 46 is discharged from the portable 
inhaler 14 preferably in the form of a plurality droplets which are carried out through the 
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discharge end 22 of the inhaler housing 18 by/during an inhalation stream. In this regard, 
each cartridge assembly 28 for the inhaler 14 also includes a droplet ejection device 30, 
which is fluidly interconnected with its corresponding medicament container 46 by an 
appropriate fluid interconnect 54. Any way of fluidly interconnecting the droplet ejection 
device 30 and medicament container 46 may be utiUzed. The droplet ejection device 30 
projects at least generally toward the discharge end 22 of the inhaler housing 18 when loaded 
within the mhaler 14. 

Various types of delivery or ejection techniques/componentry may be utilized by the 
inhaler 14, including those presented in U.S. Patent No. 5,894,841 to Voges, which issued 
April 20, 1999, and which is incorporated by reference in its entirety herein. Details of one 
embodiment of the droplet ejection device 30 are presented in Figures 3A-C. The droplet 
ejection device 30 includes a plurality of droplet ejection assembUes 32. Each droplet 
ejection assembly 32 includes an actuator 42 which is aligned with and separated from a 
corresponding discharge orifice(s) 34 by a space 38. Medicament from the medicament 
container 46 is disposed withm this space 38 at least just prior to ejection (e.g., medicament 
may be continually within the space 38; all or substantially all of the medicament within the 
space 38 associated with the particular droplet ejection assembly 32 may be discharged on 
actuation thereof, and thereafter may be replenished after such an actuation). Actuation of 
the portable inhaler 14 causes each actuator 42 which receives an actuation signal to 
discharge medicament through its corresponding discharge orifice(s) 34 in the form of one 
and typically a plurality of droplets. All of the actuators 42 may be activated simultaneously, 
or the plurality of actuators 42 may be activated in some type of sequence or firing pattern. 
Preferably each actuator 42 is independently actuatable. Although the illustrated 
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embodiment shows a one-to-one relationship between the actuators 42 and discharge orifices 
34, there may be multiple actuators 42 that discharge out of a common discharge orifice 34, 
or a given actuator 42 may discharge out of multiple discharge orifices 34 (not shown). 

In one embodiment, the actuators 42 are resistors and the actuation signal provided 
thereto affects a rapid increase in the temperature of an actuator 42 which receives such a 
signal. This rapid increase in the temperature of each "activated" actuator 42 forms/creates a 
bubble directly adjacent to the actuator 42. Enlargement of this bubble in the direction of its 
corresponding discharge orifice 34 from the rapid temperature increase displaces that 
medicament, which is located between the bubble and the corresponding discharge orifice(s) 
34, out through the discharge orifice(s) 34. 

Activation of any droplet ejection assembly 32 of the droplet ejection device 30 may 
be accomphshed through a controller assembly 62 which is part of the handpiece 16 of the 
inhaler 14. hi this regard, an appropriate operative interconnect 70 extends between and 
interconnects the droplet ejection device 30 and the controller assembly 62, while another 
operative interconnect 72 extends between and interconnects the chip 48 of the medicament 
container 46 and the controller assembly 62. Any way of appropriately operatively 
interconnecting the controller assembly 62 of the hmidpiece 16 and the cartridge assembly 28 
may be utilized. In fact, the "electronics" or one or more aspects of the control assembly 62 
could actually be incorporated into the structure of the droplet ejection device 30. In any 
case, the controller assembly 62 may include one or more of a microprocessor, a 
programmable logic control, an electronic memory or memories, and one or more clocks. 
Generally, the controller assembly 62 is able to read an operating protocol which is stored on 
the chip 48 of the cartridge assembly 28 and to operate the droplet ejection device 30 of the 
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cartridge assembly 28 in accordance with this protocol (e.g., the number of discharges which 
define a "dosing event," the lapse of time required between individual discharges, the lapse 
of time required between dosing events). Various types of data may also be preferably stored 
on/through the controller assembly 62. For instance, the time and date of each actuation of 
5 the inhaler 14 may be recorded/retained for future use/evaluation. Moreover, information for 
controlling access (e.g., security) to or in relation to the portable inhaler 14 may be stored 
on/through the controller assembly 62, as may be infomation relating to controUing the 
operation of the inhaler 14. 

Components of the controller assembly 62 are powered by an "on-board" power 
10 supply 74 (e.g., rechargeable battery) which is operatively/electrically interconnected 
therewith, and which is also part of the handpiece 16. Other components of the inhaler 14 
may be electrically interconnected with the power supply 74 as well. Activation of the 
inhaler 14 may be automated via an appropriate sensor 58 (e.g., airflow, pressure) wMch is 
operatively interconnected with the controller assembly 62, and thereby the power supply 74, 
15 through the controller assembly 62. The sensor 58 is also part of the handpiece 16. 
Detection of a certain airflow within the inhaler housing 18 may cause the sensor 58 to send 
a signal to the controller assembly 62, which in turn may send an actuation signal (e.g., a 
single pulse or a series of defmed pulses) over the operative interconnect 70 to the droplet 
ejection device 30. Droplets of medicament may then be discharged from the droplet 
20 ejection device 30 in the above-noted manner. Manual operation of the inhaler 14 may be 
provided by including an activation switch 86 of the handpiece 16 on an exterior portion of 
the inhaler housing 18 and which would be operatively interconnected with the controller 
assembly 62, and thereby the power supply 74. Activating the switch 86 would then send a 
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signal to the controller assembly 62, which in tum would send an actuation signal (e.g.; a 
single pulse or a series of defined pulses) over the operative interconnect 70 to the droplet 
ejection device 30. Droplets of flowable substance may then be discharged from the droplet 
ejection device 30 in the above-noted manner. One or both, sensor 58 and activation switch 
86 may be used in the design of the inhaler 14. 

Another embodiment is presented in Figure 4 in the form of an inhaler 100. The 
inhaler 100 generally includes a cartridge/mouthpiece subassembly 102 which is preferably 
detachably interconnected with a handpiece 132. An appropriate interconnection 124 
operatively interconnects the cartridge/mouthpiece subassembly 102 and the handpiece 132 
to allow one or more signals (e.g., electrical) to be exchanged therebetween. The 
cartridge/mouthpiece subassembly 102 generally includes a housing 106 of any appropriate 
shape and that defines at least one airflow passage 130 therethrough. Air is drawn into the 
airflow passage 130 through an inlet assembly 104 (e.g., one or more inlet ports) that is 
disposed at an appropriate location on the housing 106. In the illustrated embodiment, the air 
inlet assembly 104 is disposed on one end of the cartridge/mouthpiece subassembly 102. 
The airflow passage 130 directs the airflow to a discharge assembly 128 (e.g., or a 
mouthpiece) that is also disposed at an appropriate location on the housing 106 as well. In 
the illustrated embodiment, the discharge assembly 128 is disposed on the opposite end of 
the cartridge/mouthpiece subassembly 102 in comparison to the inlet assembly 104. 

Disposed within the cartridge/mouthpiece subassembly 102 is an ejection assembly 
112. Components of the ejection assembly 112 include a head 116 having one or more 
ejection actuators for ejecting an appropriate substance for inhalation into the airflow that is 
progressing through the airflow passage(s) 130 in a direction which is at least generally 
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toward the discharge assembly 128. There may be a one-to-one relationship between the 
ejection actuators and their corresponding discharge orifices, multiple ejection actuators may 
discharge out of a common discharge orifice, or a given ejection actuator may discharge out 
of multiple discharge orifices. Any discharge direction from the ejection head 116 may be 
utilized in relation to the airflow through the airflow passage 130 (e.g., the substance may be 
directed by the head 116 parallel with the airflow; the substance may be directed by the head 
116 perpendicular to the airflow). A supply of the noted substance is stored within a tank 
120 of the ejection assembly 112. An appropriate fluid interconnection would therefore exist 
between the tank 120 and the ejection head 116. A certain quantity of the substance that is 
being ejected may be stored within the ejection head 116, and replenished via the tank 120. 
The head 1 16 could also possibly be configured to eject the substance directly from the tank 
120. 

The handpiece 132 generally includes electronics or a controller assembly 136 for 
controlling the operation of the inhaler 100, and includmg the ejection assembly 1 12. In one 
embodiment, the confroUer assembly 136 is programmable in at least one respect. Other 
components of the handpiece 132 include an appropriate display 140, a power supply 144 
(e.g., a rechargeable battery), and one or more switches 148. The switches 148 may provide 
for manual activation of the ejection assembly 112, may provide for at least some type of 
data input, and/or may provide for other user inputs. Initiation of a dosing event by the 
inhaler 100 also may be accomplished automatically through information received from one 
or more sensors 108 (e.g., pressure ti^sducers) which monitor the flow rate through the 
airflow passage 130 (e.g., upon achieving a certain flow rate). These sensors 108 are 
preferably mounted on tiie handpiece 132, interface with at least a portion of the airflow 
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through the airflow passage 130, and are operatively interconnected with the controller 
assembly 136. 

There is believed to be some relationship between the flow rate of the airflow through 
an inhaler and the velocity at which the inhalatory substance is discharged into this airflow 

5 for enhancing the efficiency of a given dosing event (e.g., for a more effective delivery of the 
substance being inhaled to the desired locale). One embodiment for controlling the airflow 
through an inhaler in a purely mechanical manner (i.e., no need for electronics for 
controlling/adjusting the airflow, and including no need for an operative interconnection with 
a controller assembly of any type) is presented in Figure 5 in the form of an airflow 

10 regulation assembly 228. The airflow regulation assembly 228 may be used by any inhaler 
design, including the inhaler 14 of Figures 1-3B and the inhaler 100 of Figure 4 discussed 
above. 

The inhaler includes airflow conduit 204. Disposed within this airflow conduit 204 is 
a flow regulation port or throat 208 of the airflow regulation assembly 228 through which 

15 substantially all airflow for the inhaler is directed. It may be desirable to position this flow 
regulation port 208 at least substantially at the inlet to the inhaler, although it could be 
positioned at some intermediate portion of the inhaler. In any case, the flow regulation port 
208 is defined by sidewalls 212 that at least generally converge in the direction of the airflow 
through the airflow conduit 204, which is represented by the arrow "A." That is, a first end 

20 216 of the inlet port 208 has a larger inner diameter than a second, longitudinally spaced end 
220 of the inlet port 208. In the illustrated embodiment, the convergence is Unear. 

The airflow regulation assembly 228 fiirther includes a baffle 232 that is movably 
disposed within the flow regulation port 208. The baffle 232 generally includes a head 236 
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and a shaft 240. The baffle 232 is biased in an upstream direction (opposite the direction 
depicted by the arrow "A") by an appropriate biasing member 244, such as a coil spring. The 
coil spring 244 acts on a side of the head 236 of the baffle 232 that is opposite that which 
interfaces with the air being drawn into the airflow conduit 204 during inhalation by a user of 
the inhaler. The opposite end of the spring 244 is seated against an appropriate abutment 224 
that is appropriately secured to the airflow conduit 204. The abutment 224 is configured to 
allow for the passage of the airflow therethrough in the direction of the arrow "A", and 
further may include a guide for movably receiving the shaft 240 of the baffle 232, and fiirther 
for supportmg the baffle 232 within the flow regulation port 208. Any way of supporting the 
baffle 232 for movement relative to the flow regulation port 208 may be utilized. 

Inhalation by a user of an inhaler that utilizes the airflow regulation assembly 228 
produces an anflow through the flow regulation port 208 and the airflow conduit 204 that is 
generally in the direction of the arrow "A." Forces are exerted on the head 236 of the baffle 
232 m the direction of the arrow "A" as well by this inhalation. However, the spring 244 
opposes these forces. Basically, the size of the head 236 of the baffle 232, the size/contour of 
the flow regulation port 208, and the biasing forces provided by the spring 244 are selected 
so as to automaticaUy provide for a desired flow rate through the airflow conduit 204 of the 
inhaler, regardless of the degree of inhalation generated by the user (if above a certain 
threshold), hihalation forces of at least a certain amount will result in at least some 
compression of the spring 244. Compression of the spring 244 by a movement of the baffle 
232 in the direction of the arrow "A" reduces the spacing between the head 236 of the baffle 
232 and the inner wall of the flow regulation port 208. Reduction of the spacing between the 
head 236 of the baffle 232 and the inner wall of the flow regulation port 208 ultimately 
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reduces the flow rate of the airflow passing through the airflow conduit 204. Therefore, there 
is some relationship between the amount of inhalatory forces that are being generated by a 
user of an inhaler that includes the airflow regulation assembly 228 and the position of the 
baffle 232 relative to the flow regulation port 208, which in turn controls the flow rate of the 
airflow through the inhaler. Generally, above a certain threshold of inhalatory forces, as the 
inhalation force increases, the size of the spacing between the head 236 of the baffle 232 and 
the inner wall of the flow regulation port 208 decreases. 

Consider the operation of the inlet airflow regulation assembly 228 in relation to three 
different users which further illustrates the operational principles of the airflow regulation 
assembly 228. Assume that user A is only able to generate an airflow that generates a force 
on the head 236 of the baffle 232 that is equal to the biasing forces being exerted on the head 
236 by the spring 244. The baffle 232 thereby remains in its "static" position with the largest 
possible spacing between the head 236 of the baffle 232 and the inner wall of the flow 
regulation port 208. The flow rate of the airflow through the airflow conduit 204 will then be 
Fi. 

Now assume that user B is able to generate a larger inhalatory force than user A. As 
a result, the baffle 232 will move against the biasing forces being exerted by the spring 244 
to reduce the spacing between the head 236 of the baffle 232 and the inner wall of the flow 
regulation port 208. More specifically, the baffle 232 will move to a position relative to the 
flow regulation port 204 where the spacing between the head 236 of the baffle 232 and the 
inner wall of the flow regulation port 208 will at least substantially produce a flow rate 
through the airflow conduit 204 which is at least substantially equal to Fi (the same flow rate 
through the airflow conduit 204 realized by user A that in the present example has a reduced 
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inhalatory capacity in relation to user B). 

Finally, assume that user C is able to generate a larger inhalatory force than user B. 
As a result, the baffle 232 will move against the biasing forces being exerted by the spring 
244 to further reduce the spacing between the head 236 of the baffle 232 and the inner wall 
of the flow regulation port 208 in comparison to user B. More specifically, the baffle 232 in 
the case of user C will move to a position relative to the inlet port 204 where the spacing 
between the head 236 of the baffle 232 and the inner wall of the flow regulation port 208 will 
at least substantially produce a flow rate through the airflow conduit 204 which is at least 
substantially equal to Fi (the same flow rate through the airflow conduit 204 realized by both 
users A and B, that in the present example have a reduced inhalatory capacity in relation to 
user C). 

The airflow regulation assembly 228 of Figure 5 is automatically "activated" and 
"driven'' purely by the inhalation forces that are generated by the user. Stated another way, 
the airflow regulation assembly 228 of Figure 5 is a purely mechanical system. The 
principles of the airflow regulation assembly 228 could be implemented in a more elaborate 
system (e.g., electronic or electromechanical), which will be explained in relation to an 
inhaler 160 which is schematically presented in Figure 6. The inhaler 160 generally includes 
an airflow assembly 164 that in turn includes an inlet assembly 168 (e.g., one or more inlet 
ports), a discharge assembly 172 (e.g., a mouthpiece, a nasal shroud or mask), and at least 
one airflow conduit 170 that extends therebetween. Any appropriate substance (e.g., 
medicament) may be introduced in the airflow being drawn through the airflow assembly 164 
by an ejection actuator assembly 180. Any type of ejection actuator design may be utilized 
by the ejection actuator assembly 180, including those with only a single ejection actuator 
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and those with multiple ejection actuators. Typically the ejection actuator assembly 180 will 
introduce the desired substance into the airflow somewhere upstream of the discharge 
assembly 172. Althou^ the ejection actuator assembly 180 may actually be disposed within 
the airflow conduit 170, the ejection actuator assembly 180 also may be disposed outside of 
but fluidly interconnected or at least fluidly interconnectable with the airflow conduit 170 for 
introducing the desired substance into the airflow. 

The inhaler 160 also includes a controller assembly 176 for controlling the operation 
of the inhaler 160 in at least one respect. For instance, the controller assembly 176 may be 
operatively interconnected with the ejection actuator assembly 180 (e.g., to control the firing 
sequence of each ejection actuator of the ejection actuator assembly 180 in a given dosing 
event), although such is not required for purposes of the regulation of the airflow through the 
inhaler 160, In this regard, the controller assembly 176 of the inhaler 160 is also operatively 
interconnected with an airflow monitoring assembly 184 and an airflow regulation assembly 
188. Generally, the airflow monitoring assembly 184 monitors the airflow through at least a 
portion of the airflow conduit 204 so as to allow for a determination of the corresponding 
flow rate. Any appropriate sensor or sensors (e.g., pressure transducers) may be used by the 
airflow monitoring assembly 184 for this purpose. Determination of the actual flow rate may 
be accompUshed in any manner, including through the controller assembly 176 (e.g., via a 
microprocessor) based upon input provided by the airflow monitoring assembly 184. 

Again, there is beUeved to be some relationship between the flow rate of the airflow 
being drawn through the airflow assembly 164 and the velocity at which the desired 
substance is discharged from the ejection actuator assembly 180 for enhancing the efficiency 
of a given dosing event. As such, it is beUeved to be desirable to be above to provide for a 
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certain flow rate through the inhaler 160, which may be realized by adjusting the size of a 
flow regulation port through which all of the airflow is directed (typically at or close to the 
inlet). In the case of the mhaler 160, this adjustment is provided through an operative 
interconnection between the controller assembly 176 and the airflow regulation assembly 
5 188. Generally, the controller assembly 176 sends a signal or set of signals to the airflow 
regulation assembly 188. This signal moves a flow-regulating portion of the airflow 
regulation assembly 188 to a certain position to adjust the size of the flow regulation port 
^ through which all of the airflow is directed. This adjustment of the size of the flow 

% regulation port provides for a certain, desired flow rate of the airflow through the airflow 

U 10 assembly 164 in the same general manner discussed above in relation to the inlet airflow 
regulation assembly 228. 

8 

0 Any structure may be utilized by the flow-regulating portion of the airflow regulation 

assembly 188. For instance, the airflow regulation assembly 188 could utilize the baffle 232 
and inlet port 208 utilized by the airflow regulation assembly 228 of Figure 5. Instead of 
15 using inhalation forces to move the baffle 232, the airflow regulation assembly 188 would 
use some type of device for moving the baffle 232 in a predetermined manner/amount in 
response to a signal(s) from the controller assembly 176. Moreover, any type of drive that 
would be appropriate for moving the flow regulating portion of the airflow regulation 
assembly 188 in an inhaler 160 could be utilized. Finally, any type of flow regulating port 
20 could be utiUzed by the airflow regulation assembly 1 88. What is of importance in relation 
to the airflow regulation assembly 188 is that it adjusts the size of an airflow passage through 
which all airflow passes to maintain the flow rate of the airflow being drawn through the 
inhaler 160 at least at substantially a constant level regardless of the inhalation forces that are 
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generated by a user (again, assviming that these inhalation forces are above a certain 
threshold). 

A schematic of another embodiment of a "computer-controlled" inhaler 320 is 
presented in Figure 7. The inhaler 320 includes an inhaler controller assembly 310 that 
controls the operation of the inhaler 320. One component of the inhaler controller assembly 
310 is an operational testing module 312. Another component of the inhaler controller 
assembly 310 is a dosing event execution module 314, Both the operational testing module 
312 and a dosing event execution module 314 provide a signal to one or more of the ejection 
actuators 316 or one or more actuator groups which are utiUzed by the inhaler 320 to 
discharge a substance therefrom through an inhaler discharge assembly 318 (e.g., a 
mouthpiece for oral delivery, a mask for nasal delivery). There may be a one-to-one 
relationship between the ejection actuators 316 and their corresponding discharge orifice, 
there may be multiple actuators 316 that discharge out of a common discharge orifice, or a 
given actuator 316 may discharge out of multiple discharge orifices. Although tiie inhaler 
320 illusti-ates the use of four ejection actiiators 316a-d, any number of ejection actiiators 316 
may be utiUzed, including a plurality of groups of ejection actuators 316 with each such 
group being independently actiiatable and witii each ejection actiiator 316 within a given 
group being simultaneously activated by a single, common signal. What is of significance in 
relation to the inhaler 320 is that each of tiie ejection actiiators 316 or actuator groups may be 
independently actuatable by botii the operational testing module 312 and the dosing event 
execution module 314 of tiie inhaler controUer assembly 310 (e.g., a plurahty of ejection 
actuators 316 may be separated mto a plurality of groups, with each group having a plurahty 
of ejection actuators 316, with each of tiie groups of ejection actuators 316 being 
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independently actuatable by both the operational testing module 312 and the dosing event 
execution module 314 of the inhaler controller assembly 310, and with each ejection actuator 
316 in a given group being simultaneously activated by a single, common signal). It should 
be appreciated after a review of the following that the operational testing module 312, the 
dosing event execution module 314, or both could integrated in any number of ways with the 
inhaler controller assembly 310, and need not necessarily be considered as part thereof 

Generally, the operational testing module 312 of the inhaler 320 of Figure 7 provides 
a signal or a series of signals to preferably each of the ejection actuators 316 or to each 
actuator group to somehow evaluate the performance thereof In one embodiment, this signal 
does not result in the discharge of any substance through the inhaler discharge assembly 318, 
in which case the signal may be characterized as a test signal. However, signals which do 
result in a discharge may be used by the operational testing module 312 as well, in which 
case the signal may be characterized as an actuation signal suitable for a dosing event. On 
the other hand, the dosing event execution module 314 sends an actuation signal or series of 
actuation signals to one or more of the ejection actuators 316 or to one or more actuator 
groups in a predetermined manner to provide preferably a predetermined amount of the 
desired substance through the inhaler discharge assembly 318 ("dosing event"). It should be 
appreciated that any type of actuator that may be independently actuated may be employed as 
an ejection actuator 316 (e.g., a resistor-based, piezoelectric-based). Moreover, any way of 
incorporating the functionality of the operational testing module 312 and the dosing event 
execution module 314 may be utilized by the inhaler controller assembly 310. 

Typically the inhaler 320 will include a rather significant number of ejection actuators 
316. In one embodiment, the inhaler 320 mcludes at least 10 independently actuatable 
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ejection actuators 316 or actuator groups. Not all of the ejection actuators 316 or actuator 
groups will necessarily be available for use by the inhaler 320 for a given dosing events One 
reason for having excess ejection actuators 316 or actuator groups for the inhaler 320 is to 
increase the yield associated with the production of ejection actuators 316 for the inhaler 320. 
Typically a plurality of ejection actuators 316 or actuator groups will be mounted upon a 
common structure and will define an ejection head 330 as illustrated in Figure 7. Only one 
ejection head 330 is identified for the inhaler 320 presented in Figure 1. Multiple ejection 
heads 330 mounted upon a common structure could be implemented for the inhaler 320 as 
well. In any case, incorporating more than the required number of ejection actuators 316 into 
the design of the inhaler 320 means that all of the ejection actuators 316 (or actuator groups) 
on a given ejection head 330 need not be operational in order for the ejection head 330 to be 
able to available for use in the inhaler 320. 

One embodiment of a method for manufacturing the inhaler 320 with excess ejection 
actuators 316 or actuator groups is presented in Figure 8 in the form of an inhaler production 
protocol 430. The protocol 430 initiates with a step 422 m which the desired number of 
operational ejection actuators 316 or actuator groups for the inhaler 320 are specified or at 
least the minimum number of operational ejection actuators 316 or actuator groups for the 
inhaler 320. Step 424 of the protocol 430 indicates that more than the desired/minimum 
number of operational ejection actuators 316 or actuator groups are actually manufactured for 
inclusion in the inhaler 320. This will typically be in the form of manufacturing an ejection 
head 330 for the inhaler 320 such that the total number of ejection actuators 316 or actuator 
groups included within the inhaler 320 (whether on one or more ejection heads 330) will be 
more than desired/required amount set forth in step 422 of the protocol 430. Consider an 
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example where the desired number of operational ejection actuators 316 is 90 and where a 
single ejection head 330 may be manufactured so as to include 100 of these ejection actuators 
316. Although only 90 ejection actuators 316 are desired/required for use in the inhaler 320, 
the ejection head 330 with the 100 ejection actuators 316 thereon is nonetheless installed in 
the inhaler 320. 

Either before or after a given ejection head 330 is physically installed in the inhaler 
320, the operation of at least some (more preferably all) of its ejection actuators 316 or 
actuator groups are tested as set forth in step 426 of the production protocol 430. Any 
appropriate way for testing the operational capabilities of the various ejection actuators 316 
or actuator groups may be utilized. One way to evaluate the operational capabilities of a 
given ejection actuator 316 or actuator group is through its electrical performance. Consider 
the case where the ejection actuators 316 are resistors of the type discussed above in relation 
to the inhaler 14 of Figures 1-3C. Any signal which somehow evaluates the electrical 
performance of the actuators 316 or actuator groups in this case may be utilized by the 
protocol 430 in its step 426. One alternative would be to send an electrical signal to each of 
the resistor-based ejection actuators 316 or actuator groups to determine if the resistance of 
any of the resistor-based ejection actuators 316 or actuator groups has changed jfrom a 
previously known value (e.g., using the principles of V = IR). Any change in resistance of 
more than a certain predetermined amoimt could be associated with the execution of step 426 
of the protocol 430. There may be other ways to evaluate the electrical performance of an 
ejection actuator 316 or actuator group, including when the ejection actuators 316 or actuator 
groups are other than resistance-based (e.g., piezoelectric-based), as well as other ways to 
evaluate the performance of the actuators 316 or actuator groups in general and which is 
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within the scope of step 426 of the protocol 430. Another option for evaluating the 
performance of the ejection actuators 316 or actuator groups would be to utilize optical 
testing techniques to determine if, upon application of an actuation signal to a given ejection 
actuator 316 or actuator group, there was in fact a discharge from the inhaler 320 from this 
particular ejection actuator 316 or actuator group (e.g., to determine if there was a discharge 
through a nozzle associated with a particular ejection actuator 316 or through nozzles 
associated with a particular actuator group). 

All of the ejection actuators 316 or actuator groups incorporated within tiie structure 
of the inhaler 320 need not be tested through execution of step 426 of the protocol 430. For 
instance, the testing of the ejection actuators 316 or actuator groups included or to be 
included within a given inhaler 320 through execution of step 426 of the inhaler production 
protocol 430 may be terminated when at least the number of ejection actuators 316 or 
actuator groups specified in step 422 of the protocol 430 have "passed" the testing associated 
with step 426 of the protocol 430. However, more preferably all of the ejection actuators 316 
or actuator groups on each ejection head 330 to be installed or which are initially installed in 
an inhaler 320 are in fact tested through execution of step 426 of the protocol 430 for reasons 
discussed below in relation to the ejection actuator operational testing protocol 500 of Figure 
9. 

The production protocol 430 of Figure 8 concludes with step 428 which is directed to 
designating those ejection actuators 316 or actuator groups which are at least initially to be 
made available for use by the inhaler 320 in which such actuators 316 or actuator groups are 
installed. There are various ways in which this "designation" may be implemented. For 
instance, the excess ejection actuators 316 actuator groups may be permanently disabled (i.e.. 
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those operational ejection actuators 316 or actuator groups that are in excess of those 
operational ejection actuators 316 or actuator groups specified in step 422). Application of 
an "excessive" electrical signal (e.g., at a higher voltage or current than a typical actuation 
signal for accomplishing a discharge from the inhaler 320) may render the ejection actuator 
316 or actuator groups permanently inoperable. This is possible since each of the ejection 
actuators 316 or actuator groups are preferably independently actuatable. Another option is 
to simply program the inhaler controller assembly 310 to only use certain of the ejection 
actuators 316 or actuator groups for any dosing event. One benefit of this strategy is that if 
one or more of the "active" ejection actuators 316 or actuator groups fail at some point in 
time during the life of the inhaler 320, any one of the excess ejection actuators 316 or 
actuator groups which passed the test associated with step 426 of the protocol 430 may be 
"activated" for purposes of the inhaler controller assembly 310 through the operational 
testing module 312. 

One embodiment of an inhaler actuator operational testing protocol 500 that may be 
utilized by the operational testing module 312 is presented in Figure 9. The protocol 500 is 
appropriate for any inhaler design which utilizes at least one and more preferably multiple 
and independently actuatable devices or groups of devices (with each device within a given 
group being simultaneously activated by a single, common signal) for discharging any 
substance (e.g., a plurality of droplets) from the associated inhaler. Therefore, the protocol 
500 could be utihzed by the above-discussed respiratory delivery system 10 of Figure 1 
which again utiUzes a plurality of independently actuatable resistors 42. However, the 
protocol 500 could also be used by an inhaler which utilizes a plurality of independently 
actuatable piezoelectric-based inhaler ejection actuators. 
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The operational testing protocol 500 of Figure 9 will be described in relation to the 
inhaler 320 of Figure 7. The protocol 500 includes a step 502 in which a signal is sent 
by/through the operational testing module 312 to at least each ejection actuator 316 or 
actuator group of the inhaler 320 that is currently "active" in relation to the inhaler controller 
assembly 310 (i.e., available for participation in a dosing event as controlled by the uihaler 
controller assembly 310). All of the ejection actuators 316 or actuator groups that are 
installed in the inhaler 320 could be tested as well. Typically this will be limited to where 
the signal is a test signal that does not result in a discharge from the inhaler 320 so as to not 
modify the desired dosing. In any case, the response of each such ejection actuator 316 or 
actuator group to its corresponding signal is evaluated by/through execution of step 504 of 
the protocol 500. Any ejection actuator 316 or actuator group which fails the test is 
identified in some manner through execution of step 506 of the protocol 500. hiput from the 
operational testing module 312 regarding any "failed" ejection actuators 316 or actuator 
group is then provided to the dosing event execution module 314 through execution of step 
508 of the protocol 500. 

Any signal that is appropriate for evaluating the performance of a given ejection 
actuator 316 or actuator group may be utilized by step 502 of the inhaler ejection actuator 
operational testing protocol 500 of Figure 9. One way to evaluate the performance of a given 
ejection actuator 316 or actuator group is through its electrical performance. Consider the 
case where the ejection actuators 316 or actuator groups are resistors of the type discussed 
above in relation to the inhaler 14 of Figures 1-3C. Any signal which somehow evaluates the 
electrical performance of the actuators 316 or actuator groups in this case may be utilized by 
the protocol 500. One alternative would be to send an electrical signal to each of the resistor- 
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based ejection actuators 316 or actuator groups to determine if the resistance of any of the 
resistor-based ejection actuators 316 or actuator groups has changed from a previously 
known value (e.g., using the relationship of R = V/T). Any change in resistance of more than 
a certain predetermined amount could be associated with a "failure" of the evaluation in the 
execution of step 506 of the protocol 500. There may be other ways to evaluate the electrical 
performance of an ejection actuator 316 or actuator group, including when the ejection 
actuators 316 or actuator groups are other than resistance-based (e.g., piezoelectric-based), as 
well as other ways to evaluate the performance of the actuators 316 or actuator groups in 
general and which is within the scope of step 504 of the protocol 500. 

Identification of any ejection actuators 316 or actuator groups that have "failed" in 
relation to the signal that is issued through execution of step 502 of the operational testing 
protocol 500 of Figure 9 may be utilized to disable any further operation of the "failed" 
actuator 316 or actuator group. That is, the input provided by the operational testing module 
312 to the dosing event execution module 314 through execution of step 508 of the protocol 
500 may result in the dosing event execution module 314 discontinuing any further use of 
any "failed" actuator 316 or actuator group (i.e., actuation signals for accomplishing a 
discharge in a dosing event will no longer be sent to a "failed" ejection actuator 316 or 
actuator group by the dosing event execution module 314 once identified through execution 
of steps 502-506 of the protocol 500). At a minimum, preferably the dosing event execution 
module 314 will account for each ejection actuator 316 or actuator group which was 
identified as "failing" through execution of steps 502-506 of the protocol 500 in subsequent 
dosing events that are initiated/controlled through the dosing event execution module 314. 

There are various ways in which the dosing event execution module 314 may accoimt 



-49- 



for input that is provided by the operations testing protocol 500 of Figure 9. Consider the 
case where the signal of step 502 of the protocol 500 is a test signal that does not result in 
any discharge from the inhaler 320. One option would be to "program" the inhaler controller 
assembly 310 to send an actuation signal that would have been sent to a "failed" ejection 
actuator 316 or actuator group for a given dosing event, instead to an ejection actuator 316 or 
actuator group which "passed" the evaluation contemplated by steps 502-506 of the protocol 
500 of Figure 9 for all subsequent dosing events initiated/controlled through the dosing event 
execution module 314. Another option would be to "activate" one of the excess ejection 
actuators 316 or actuator groups from the inhaler production protocol 430 of Figure 8 for 
each ejection actuator 316 or actuator group, respectively, which failed the operational 
testing protocol 500 of Figure 9. This is one reason why it may not be desirable to 
permanently deactivate or disable ejection actuators 316 or actuator groups which are in 
excess of the quantity specified in step 422 of the inhaler production protocol 430 of Figure 
8. 

Now consider the case where the signal of step 502 of the operational testing protocol 
500 of Figure 9 is an actual actuation signal which is at least intended to result in a discharge 
from the inhaler 320. There are a number of ways in which the dosing event execution 
module 314 may account for the identification of any failed ejection actuators 316 or actuator 
groups in this case as a result of the input provided by step 508. One way would be for the 
dosing event execution module 314 to re-send each actuation signal, which was initially sent 
to a "failed" ejection actuator 316 or actuator group, to another ejection actuator 316 or 
actuator group which did not "fail" in accordance with the execution of steps 502-506 of the 
protocol 500. This may be difficult to implement on a "real time" base or during a given 
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dosing event. That is, it may be difficult to identify a "failed" ejection actuator 316 or 
actuator group during an actual dosing event, determine how to account for this failure in the 
same dosing event, and to accomplish an "additional" discharge which accounts for this 
failure before expiration of the subject dosing event. The more likely implementation would 
be for the inhaler 320 to provide some notification to the user of the inhaler 320 of a "failed" 
dosing event, and to remedy the failure for the next dosing event in any of the above- 
described manners (e.g., by using the existing ejection actuators 316 or actuator groups that 
"passed" the evaluation of step 504 to receive a number of additional actuation signals equal 
to tiie number of actuation signals that were sent to "failed" ejection actuators 316 or actuator 
groups in the preceding dosing event; by "adding" an "excess" ejection actuator(s) 316 or 
actuator group(s) into the "active" ejection actuators 316 or actuator groups that are available 
to the inhaler 320 for a given dosing event so as to replace the failed ejection actuator(s) 316 
or actuator group(s)). 

Yet another possibility in relation to how the dosing event execution module 314 may 
account for the input that is the subject of step 508 of the protocol 500 of Figure 9 would be 
to notify the user that a "make-up" dosing event should be executed, as well as possibly the 
time at which the "make-up" dosing event should be executed. This is possible with the 
inhaler 320 based upon a number of factors. Having independently actuatable ejection 
actuators 316 or actuator groups allows for very precise control of the amount of substance 
that is discharged by the inhaler 320 in a given dosing event. Since there is precise control 
over the actuation signals and including in relation to the number of actuation signals which 
are issued, and further since a single actuator 316 or actuator group will dispense a certain 
amount in response to a certain actuation signal, the amount of substance which is discharged 
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by an inhaler 320 in a given dosing event can be precisely determined. The inhaler 320 will 
have already detennined the particular ejection actuator(s) 316 or actuator group(s) that 
failed in relation to a given dosing event through execution of steps 502 and 504 of the 
protocol 500. In addition, the controller assembly 310 of the inhaler 320 may be configured 
to keep track of how may actuation signals were sent to these ejection actuators 316 or 
actuator groups in their "failed" condition. Therefore, the inhaler 320 may be configured to 
define a "make-up" dosing event as a transmission of new actuation signals to one or more 
ejection actuators 316 or actuator groups which were operational in the immediately 
preceding dosing event or are otherwise operational (e.g., an "excess" actuator(s) 316), where 
these new actuation signals are equal in number to the number of actuation signals that were 
sent to "failed" ejection actuators 316 or actuators groups in the immediately preceding 
dosing event and as determined in accordance with steps 502 and 504. 

The ejection actuator operational testing protocol 500 of Figure 9 may be 
implemented as part of a testing procedure before distribution of the inhaler 320 for use in 
respiratory delivery operations. However, preferably the protocol 500 is implemented so as 
to allow for the execution thereof at one or more times after the inhaler 320 has been released 
for distribution to inhaler users. In the case where the signal of step 502 of the protocol 500 
of Figure 9 is a test signal, execution of the protocol 500 may be left up to the to discretion of 
the user by providing for manual initiation of operational testing protocol 500. Another 
option would be to have the operational testing protocol 500 be automatically executed on 
some predetermined basis. For instance, it may be desirable to execute the operational 
testing protocol 500 before the execution of each dosing event that is initiated/controlled by 
the dosing event execution modxile 314. It also may be desirable to execute the operational 
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testing protocol 500 on some periodic basis. 

In the case of both the production protocol 430 of Figure 8 and the operational testing 
protocol 500 of Figure 9, any appropriate standard for defmmg a "failed condition" in 
relation to an actuator group may be utilized, including where only a single ejection actuator 
in the group has failed. However, more typically both the production protocol 430 and the 
operational testing protocol 500 will be implemented to allow a predetermined plurality of 
ejection actuators within a given actuator group to be in a failed condition before the actuator 
group is considered to be in a failed condition in accordance with either of these protocols 
430, 500, 

The above-noted ways in which the dosing event execution module 314 may account 
for the input that is the subject of step 508 of the protocol 500 of Figure 9 may be provided 
through the dosing event setup module 328 of the inhaler 320 of Figure 7. Generally, the 
dosing event setup module 328 may be viewed as providing electronic dose delivery control 
capabilities for the inhaler 320 of Figure 7. Electronic dose delivery control options other 
than those discussed above may be utilized through the dosing event setup module 328 as 
well. Consider the dosing event setup protocol 600 that is presented in Figure 10 and that 
may be utilized by the dosing event setup module 328 of the inhaler 320 of Figure 7. The 
dosing event setup protocol 600 includes a step 602 in which a dosing event control logic is 
retrieved. It should be appreciated that multiple dosing event control logic may be available 
to the dosing event execution module 314 of the inhaler 320 of Figure 7, in which case the 
protocol 600 would include any appropriate step(s) or way to retrieve the desired dosing 
event control logic. 

The dosing event control logic that is retrieved in step 602 of the protocol 600 may 
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include identifying which particular ejection actuators 316 or actuator groups are currently 
designated for use by the dosing event control logic or when in a first configuration, the 
number of actuation signals that are currently designated to be sent to each of these ejection 
actuators 316 or actuator groups in this first configuration, and the manner in which these 
actuation signals are sent to these ejection actuators 316 or actuator groups in this first 
configuration (e.g., the frequency of the actuation signals on a per ejection actuator 316 or 
actuator group basis). A pattern or set of actuation signals will be repeated a pluraUty of 
times in a dosing event in accordance with its associated dosing event control logic, and each 
such repetition may be characterized as a "cycle." Each ejection actuator 316 or actuator 
group that is utilized by a given dosing event logic receives the same number of actuation 
signals in any given complete cycle as all other ejection actuators 316 or actuator groups that 
are utilized by this same dosing event logic in the same complete cycle. In one embodiment, 
there is only one actuation signal per ejection actuator 316 or actuator group per cycle, 
although this need not necessarily be the case. Consider the case where there are 200 
ejection actuators 316 that are currently designated for use by a given dosing event control 
logic. A "cycle" may include sending the same actuation signal sequentially to each of these 
200 ejection actuators 316, Therefore, the time between when an actuation signal is sent to 
the 1^^ ejection actuator 316 and the 200^^ ejection actuator 316 would constitute one cycle. It 
should be appreciated that the same actuation signal could be sequentially sent to groups of 
ejection actuators 316, such that the time between when an actuation signal was sent to the 
first group of ejection actuators 316 and the last group of ejection actuators 316 would also 
constitute one cycle. In fact, any combination of actuation signals to one or more individual 
ejection actuators 316, to one or more groups of ejection actuators 316, or both, may 
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constitute a cycle in a given dosing event control logic. 

The inhaler 320 may have more ejection actuators 316 or actuator groups than are 
currently being utilized by the dosing event control logic associated with step 602. That is, 
the dosing event control logic associated with step 602 may utilized only a certain, limited 
number of ejection actuators 316 or actuator groups for the execution of a dosing event. Step 
604 of the protocol 600 determines if there are more operational ejection actuators 316 or 
actuator groups for the inhaler 320 than are currently being utilized by the dosing event 
control logic associated with step 602. One way in which this may be done is through 
execution of the operational testing protocol 500 of Figure 9. If the number of operational 
ejection actuators 316 or actuator groups for the inhaler 320 is equal to or less than the 
number of ejection actuators 316 or actuator groups designated for use by the dosing event 
control logic associated with step 602, the protocol 600 proceeds from step 604 to step 606. 
Step 606 simply provides an exiting function for the protocol 600. 

The dosing event setup protocol 600 proceeds from step 604 to step 608 if there are 
more operational ejection actuators 316 or actuator groups than are currently being utilized 
by the dosing event control logic associated with step 602. Step 608 is directed to "dead 
time." There may be a delay between the time that an actuation signal is sent to the last 
ejection actuator 316 or actuator group in one cycle, and the time that an actuation signal is 
sent to the first ejection actuator 316 or actuator group in the next-in-time cycle of the dosing 
event control logic associated with step 602. This may be characterized as "dead time." 
Dead time may be required in order to allow an ejection actuator 316 or actuator group in the 
execution of a dosing event in accordance with the dosing event control logic associated with 
step 602 to be completely "recharged" for the next actuation signal cycle. There may be 
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other reasons for having dead time between adjacent-in-time cycles of a dosing event as well. 
In any case, step 608 of the dosing event setup protocol 600 inquiries as to whether there is 
any dead time between adjacent-in-time cycles of the dosing event logic associated with step 
602, 

The dosing event setup protocol 600 executes step 614 if there is dead time between 
adjacent-in-time cycles of the dosing event control logic associated with step 602 and 
provides for adding at least some of the excess ejection actuators 316 or actuator groups into 
this dead time. This then modifies the dosing event control logic associated with step 602. 
There may be a limit to the actual number of excess ejection actuators 3 16 or actuator groups 
that may be added into the dead time without changing the frequency at which a given 
ejection actuator 316 or actuator group receives an actuation signal in the execution of a 
dosing event. For instance, it is possible that there may be a maximum number of ejection 
actuators 316 or actuator groups that can be simultaneously activated in a given cycle of a 
dosing event. Therefore and for cases when it is desirable to retain the current cycle time and 
thereby the ejection actuator 316 or actuator group firing firequency, it may be possible that 
only a limited number of the excess ejection actuators 316 or actuator groups associated with 
step 604 will be able to be added to the dosing event control logic associated with step 602 to 
modify the same. However, the total execution time for the dosing event control logic 
associated with step 602 will thereafter be reduced when the dosing event control logic 
associated with step 602 is modified in this manner. That is, each execution of a dosing 
event in accordance with the dosing event control logic associated with step 602 delivers at 
least relatively the same total dose (i.e., within preferably a relatively small range such that 
there is relatively little variation from dosing event to dosing event). Each ejection actuator 
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316 or actuator group delivers a certain, determinable amount of a desired substance for a 
given actuation signal. The total number of actuation signals required to deliver the desired 
total dose for a dosing event associated with the dosing event control logic associated with 
step 602 then may be derived by dividing the desired total dose for the dosing event by the 
dose delivered by an ejection actuator 316 or actuator group per actuation signal. Since 
more actuation signals are being sent to ejection actuators 316 or actuator groups per cycle, 
the modification of the dosing event control logic associated with step 602 in the above-noted 
maimer will require fewer cycles (including fractions of a cycle). 

When there is dead time and when all of the excess ejection actuators 316 or actuator 
groups cannot be added into the dosing event control logic associated with step 602 without 
extending the time for each of its cycles, the logic of step 614 may nonetheless provide that 
that the dosing event control logic associated with step 602 will be modified by adding all of 
the excess ejection actuators 316 or actuator groups into each of its cycles. This may 
decrease the ejection actuator 316 or actuator group firing firequency for the now modified 
current dosing event control logic associated with step 602 in that there would be more of a 
delay between actuation signals provided to a given ejection actuator 316 or actuator group 
between adjacent-in-time cycles. However, the total time of the dosing event should be 
reduced since there will be more actuation signals being provided per cycle in accordance 
with the foregoing, and thereby less firing cycles overall as well. 

Now consider the case where there is no dead time between actuator firing cycles in 
the dosing event control logic associated with step 602. In this case, the dosing event setup 
protocol 600 of Figure 10 executes a step 610. Step 610 provides that at least some of the 
excess operational ejection actuators 316 or actuator groups be added into the firing cycles of 
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the dosing event control logic associated with step 602. There again may be a limit to the 
actual number of excess ejection actuators 316 or actuator groups that may be added into a 
given firing cycle without changing the frequency at which a given ejection actuator 316 or 
actuator group receives an ejection signal throughout a dosing event. For instance, it is 
possible that there may be a maximum number of ejection actuators 316 or actuator groups 
that can be simultaneously activated in a given cycle. Therefore and for cases when it is 
desirable to retaiu the current cycle time and thereby the ejection actuator 316 or actuator 
group firing frequency, it may be possible that only a limited number of the excess ejection 
actuators 316 or actuator groups will be added to the dosing event control logic associated 
with step 602 to modify the same. However, the total execution time for a dosing event in 
accordance with this now modified dosing event control logic would be reduced in this case 
and in accordance with the foregoing. 

When there is no dead time and when all of the excess ejection actuators 316 or 
actuator groups cannot be incorporated into the dosing event control logic associated with 
step 602 without extending the time for each of its cycles, the logic of step 610 of the 
protocol 600 nonetheless may provide that all of the excess ejection actuators 316 or actuator 
groups will be incorporated into each cycle of the dosing event control logic associated with 
step 602. This may decrease the ejection actuator 316 or actuator group firing frequency for 
the now modified dosing event control logic associated with step 602 in that there would be 
more of a delay between actuation signals provided to a given ejection actuator 316 or 
actuator group in adjacent-in-time cycles. However, the total time of the dosing event would 
be reduced since there will be more actuation signals being provided per cycle in accordance 
with the foregoing, and thereby less firing cycles overall 
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Another protocol that may be utilized by the dosing event setup module 328 of the 
inhaler 320 of Figure 7 is illustrated in Figure 11 in the form of a dosing event setup protocol 
718. Generally, the protocol 718 may be viewed as estabUshing the dosing event control 
logic for a given the dosing event. Steps 720, 724, and 726 of the protocol 718 are 
5 preparatory in nature and may be executed in any order. Execution of step 720 of the 
protocol 718 determines the number of ejection actuators 316 or actuator groups of the 
inhaler 320 that are currently operational. One way in which this may be done is through 
execution of the operational testing protocol 500 of Figure 9. Execution of step 724 of the 
protocol 718 determines the total desired/required dose for the dosing event whose dosing 
10 event control logic is currently being defined. Typically this information will be specified by 
41 an attending physician or the like and nonetheless may be input to the inhaler 320 in any 

Q appropriate manner. Execution of step 726 of the dosing event setup protocol 718 

detennines the amount of the substance that is at least assumed to be delivered per actuation 
signal per ejection actuator 316 or group of actuators 316. One way in which this may be 
15 done is by providing an actuation signal to an ejection actuator 316 or simuUaneously to a 
group of ejection actuators 316, and measuring the weight dispensed by such an actuation 
signal so as to be able to determine the volume that was dispensed. Another option would be 
to measure the droplet size and count the number of droplets. Although the amount 
discharged per ejection actuator 316 or group of ejection actuators 316 may be done for each 
20 ejection actuator 316 or actuator group in any head 330 and stored on a per ejection actuator 
316 or actuator group basis, the more likely option will be to evaluate a statistically 
significant number of ejection actuators 316 or actuator groups 316 and then assume that the 
others are behaving similarly. That is, after the evaluation an average will be associated with 
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each ejection actuator 316 or group of ejection actuators 316 for the subject actuation signal. 
In any case, the desired discharge information can then be stored in a lookup table or the like, 
or stored within the controlhng logic of the inhaler 320 as a number, which identifies the 
ejection volume per ejection actuator 3 16 or group of actuators 3 16 per actuation signal. The 
lookup table or stored number could be created at the time of programming the dosing event 
setup protocol 718, or it could be updated after each self-test has been completed and the 
number of operational ejection actuators 316 or groups of ejection actuators 316 has been 
identified. 

Information that is determined or otherwise provided through execution of steps 720, 
724, and 726 is used to at least in part to define a dosing event control logic. Execution of 
step 728 determines the number of actuation signals that will be required for the dosing 
event. One way in which this may be done is to divide the total dose from step 724 by the 
dose deUvered per actuation signal per ejection actuator 316 from step 726. Thereafter, the 
total number of cycles required for the dosing event control logic currently being defined is 
determined through execution of step 730. One way in which this may be done is by 
dividing the number of actuation signals determined through execution of step 728 by the 
number of operational ejection actuators 316 determined through execution of step 720. It 
should be appreciated that the total number of cycles required for the current dosing event 
being define may utiUze a fraction of a cycle. 

A final parameter of the dosing event control logic that is currently be defined by the 
protocol 718 of Figure 11 includes establishing the ejection actuator 316 firing frequency for 
each cycle of this dosing event through execution of step 732. This may be done in any 
appropriate manner. For instance, the operational ejection actuators 316 may be sequentially 
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fired one at a time, groups of ejection actuators 316 may be sequentially fired one at a time, 
or some combination thereof. Again, there may a minimum amount of time between 
sequential firings of a given ejection actuator 316, which would then possibly have an effect 
on the firing fi:equency that is implemented. 

Those skilled in the art will now see that certain modifications can be made to the 
apparatus and methods herein disclosed with respect to the illustrated embodiments, without 
departing firom the spirit of the instant invention. And while the invention has been described 
above with respect to the preferred embodiments, it will be understood that the invention is 
adapted to numerous rearrangements, modifications, and alterations, and all such 
arrangements, modifications, and alterations are intended to be within the scope of the 
appended claims. 
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